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SELF-ALIGNED BURIED STRAP 
PROCESS USING DOPED HDP OXIDE 

Background of Invention 

(OOO.J The present invention general., relates to the formation of vertical, shallow, and 
l.9htly doped, Junctions for a vertical transistor, and more particularly to an Improved 
method/structure that makes it possible to process a buried contact w„h reduced 
outdiffusion while s,„, maintaining sufficient overlap between the buried contact and 
the transistor channel. 

I0002J With further shrinking of groundrules for logic and dynamic random access 

memo,y (DRAM) devices, development of improvements becomes necessary. ,„ case 
of Planar logic and DRAM devices, short channel effects limi, device performance For 
DRAMS with vertical access transistor, the burled contact outdiffusion has to be 
reduced for isolation reasons, bu, connectivity to the select transistor m„s, be 
assured. The invention described below processes a shallow burled contact by 
reducing the outdiffusion without degrading the connectivity ,„ the select transistor 

Summary of Invention 

10003, The invention provides a trench storage structure tba, includes a substrate having 
a trench, a capacitor in the lower par, of the trench, a conductive node strap in the 
trench adjacent the capacitor conductor, a trench tpp oxide above the conductive 
strap, and a conductive buried strap in the substrate adjacent the trench top oxide 
The trench top oxide includes a doped trench top oxide layer above the conductive 
strap, and an optional undoped trench top oxide layer above the doped trench top 
oxide layer. K 

[0004] ; 

The dopant in the doped trench top oxide layer comprises the same type of 
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, dopan, in the conducive buried strap. A percentage by weigh, of dopant in the doped 
trench top oxide layer is less than IX. The structure also includes a gate conductor in 
the trench above the undoped trench top oxide layer. The trench top oxide layer 
Insulates the gate conductor from the capacitor conductor. 

IOOOSJ The invention also provides a method of forming a memory device that patterns a 
trench, forms the capacitor dielectric, fills the lower portion of the trench with a 
capacitor conductor, deposits a conductive node strap in the trench above the 
capacitor conductor, forms a trench top oxide in the trench adjacent the top of the 
conductive strap, and heats the structure to form a conductive buried strap In the 
substrate adjacent the trench top oxide. The trench top oxide is formed by depositing 
a doped trench top oxide layer above the conducive strap, and forming an optional 
undoped trench top oxide layer above the doped trench top oxide layer. 

t0006j The process of depositing the doped trench ,op oxide layer comprises a high 
density plasma-chemical vapor deposition (HDP-CVD) process that Includes the 
following parameters: silane reacan, gas flow 10 - 75 sccm ; approximate bias plasma 
power 300-,000 W; and phosphine gas delivery a, gas flows below 5 seem This 
processing forms the percentage by weigh, „, dopan, in the doped trench top oxide 
layer to be less than 1%. 

100071 To further shrink ,he vertical DRAM cell, with the invention, the lateral 

ou,diff„s,on of the buried strap is reduced to avoid interaction be«ween adjacent 
ORAM cells, while still maintaining a low resistive path ,„ the channel region of the 
vertical transistor. By reducing the thermal budge, of the entire process, the invention 
outdiffuses dopan, from the doped TTO layer and reduces ,he outdiffuslon of the 
buried strap. Thus, bo.h la.era, and vertical outdiffusions are reduced. Suffice,, 
overlap between the buried strap and the transistor channel is no, assured with 
convention,, processes that only rely upon outdiffusion from the trench conductor 
and , he node strap to form the buried strap. This is why a portion of the TTO is doped 
•n the inventive structure, in addition, the inventive HDP-CVD TTO deposition process 
was developed to provide good dopan, contto, ,„ ,he oxide, to consistently achieve 
this structure. 

Brief Description of Drawings 
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[0008, The invention w,„ be better understood from the following detailed description o, 
preferred embodiments of the invention with reference to the drawings, in which: 

[0009) Figure , is a schematic diagram of a partially compie.ed storage device; 

[00. OJ Figure 2 is a schematic diagram of a partial* completed storage device; 

[00..J Figure 3 is a schematic diagram of a partial* completed storage device; 

1001 2] Figure 4 is a schematic diagram of a partial* completed storage device; 

(001 31 Figure 5 is a schematic diagram of a partially completed storage device; 

(001 4, Figure 6 is a schematic diagram o, a partially completed storage device; 

100. 5, Figure 7 is a schematic diagram of a partially completed storage device; 

1001 6) Figure 8 is a schematic d.agram of a partially completed storage device; 

(00. 21 Figure 9 is a schematic diagram of a partially competed storage device; and 

I0018J Figure 10 is a schematic diagram of a completed storage device. 

Detailed Description 

i00, 9, vmh further shrinking o, groundru.es for L0 C,C and 08AM devices, development 
of hallow actions becomes feas,b,e. The invention uses doped o.des (e.g., M , 

;:::::;z:::r s for so,,d s,a,e — — — - 

^^eeptrr 1 "':'' 9 ^ ' ,,,US,rateSthe -~—erpo rt ,onso f a 

,r,r c e a t : a subs,rate <e - 9 - $in9,e crvs,ai ^ — - • 

di^ctnc (e.g., pad n„r,de 23. formed by che m ,ca, vapor deposition ,CVD, or physical 
~ ■ position <PvO, and thermally grown pad oxide 2S, upper pad surface. Th 
-ch 2, can be formed using any we,l- k nown formation and patterning technics. 
[0021] _ . 

24 Th h * CaPaC "° r 3 die ' eC,r ' C 26 iS deP ° Sittd " •™» *• <«P «-nch 
• Then, the deep trench 24 is m.ed with a conductive trench node ntateria, 20. such 
s N + doped r ,ys„icon. the upper portion of which is surrounded bya collar 
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i 

substrate 27, shown in Figure , . The d „ p , rench ^ ^ ^ j 

can be formed using an, of a number of well-known ,«„„,„„,, For ^ 
rend, can be ,ined w„h an msuladng dielecric (no, iHustrated) and then par,,a„y 
led „,,h a fits, leve, of conductor materia,. Then, the collar dielectric 2, (such as 
s. con d,ox,de. can be deposited. The coiiar oxide is etched in. „ r exampie. an 
isotropic dry etch process such as reactive ,„„ etching (RIE) using a mixture of 
*ses which may indude some portions °' CHF Ar, 0 , c F and CO. The 
anisotropic dry etch, or sidewal, spacer etch, removes material a vesica, direcion a, 

a h,gh rate, bu, removes materia, in the hori Z on,a, direction a, a reladvely ,ow rate 
T e h h, ealve amsotropk spMer ^ ma(eria( ^ ^ 

trenches, bu, removes ma.eria, from ,he horizoma, surfaces. The ,rench 24 is ,hen 
comply „„ed wi,h more of ,he conducor 20 and ,hen e.ched back. Then, ,he 
ollar drelecric 2, is etched down ,o be ieve, wi,h the ,„ p surface of the ^ 
of polysilicon 20. 

ocess tha, aggressive, a.tacks ,he oxide 2, wi,hou, subs,an„a„y affeCng ,h 
s .con substrate 22 or ,he conducor 20, as shown by „em 2 9 ,„ figure 2. L as 
hown ,n figure 3, a conducive node s,rap ma.eria, 30 is deposited in a con Z, ■ 
Posmon process ,ha, aiiows the conducive node strap ma,eria- 30 ,o fi„ ,„ th T ap s 

i„t trench conductor 20 and the — > ° f - — - - - 

» n , e upper pordon of ,he coiiar oxide 2 , was removed. Any excess conducive 

The processing shown in Figure 5 include tha *h 

- . includes the thermal formation of a vertical 

* et: r ; 4 ; s r sac ; ficia ' °* ,ae - * a — — - - — „ f 

e doped TTO. Tb,s .hermai processing also diffuses dopan, from ,he polysi.icon 30 
o from the buried s(rap outd , ffusion wwch k a condu ^ P ^ 30 

polysilicon s,rap 30. A doped high dens,* piasma (HDP) ,re„ch ,op oxid (TTO 

such as ,e,rae,hy,orthosi„ca,e (T E OS> or similar ma.eria, is ,hen deposit 
Hem a, ^ ^ ^ ^ ^ ^ ma 

he removed using any well-known seleclve removal .echnigue (e g we, 
back), as shown in Figure 6 The en-h h„u 

6. The etch back process allows a sufficien, thickness of ,he 
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[0024] 



[002 SI 



doped TTO 31 to remain to provide adequate insulation between the underlying 
capacitor conductor 20 and the gate conductor that will be formed In the upper 
portion of the trench. As shown by the cut away section in Figure 6. the invention 
optionally includes the deposition of an undoped HDP oxide 32 over the doped TTO 
3 1 . In such an option, the trench top oxide (TTO) comprises both the first doped layer 
31 and the undoped layer 32. The upper oxide portion 32 of the TTO is preferably 
undoped to prevent potentially unwanted short circuiting between the gate conductor 
40 and the trench conductor 20. The doping of the TTO 3 1 is tightly controlled so as 
to limit excessive outdiffusion. The TTO 3 1 is preferably very lightly doped w„h 
arsen,c or phosphorus in concentrations less than 1% dopant by weight. 

Layers 31 , 32 are deposited using a technique that allows the sldewall thickness 
of the deposited oxide ,„ be uniform and thinner than the deposit a, the bottom of 
the structure. One technique for the deposition of the doped 31 and undoped 32 films 
utiles a specifically modified and optimized high density plasma (HDP) chemical 
vapor deposition (CVD, process (referred ,o herein as "HDP-CVD"). More specifically 
with the invention the HDP-CVD process is optimized in order ,„ reduce the 
deposition rate by reducing the silane reactan, gas flow from typically 1 SO-200 ,o 10- 
7Ssccm. Sldewall to bottom thickness ratios „, < , :5 are achieved by reducing the 
b,as plasma power (from typically 2000-4000 w ,„ 300-1000 W> which Increases the 
deposition ,„ sputter component. Lower dopant levels can be realized by modification 
of the phosphine gas delivery ,„ allow gas flows below s seem. This process allows 
the sidewal, thickness o, the deposited oxide ,„ be uniform and thinner than the 
deposit at the bottom of the structure. Conventional TTO deposition techniques such 

Also, this HDP-CVD process produces high quality fllms with low wet etch rate 
ratios ,o thermal oxide « , : , .3, and has tne ab| , |ty „ „„ trench 

wT„r of The aspect rat '° descr,bes ,he o,, ™ h -* » ~ 

w,d,b. HDP processes have been used ,n shailow trench isolation regions ,un-doped 
S.0 2 . and pre-meta, dielectrics (phosphorus silicon glass with dopan, levels of s- 8 
atomic However, conventional HDP processes cannot be utilized ,0 form the TTO 
Since the deposition rate of such conventional processes is ,o„ high ,0 controllably ' 
and repeatably deposit fiims below 1 00 nm. further, with conventional HDP 
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[0026] 



[0027] 



processes, the ratio of sidewall ,„ bottom thickness does no, allow sidewall removal 
w,,h an appropriate process window and the P-concentra,i„n of the phosphorus 
silicon glass is much to high for the desired final contact doping. 

To use HDP-CVD for the formation of the TTO (and the resulting self-aligned 
buned strap) is unconventional since HDP is traditionally used for different 
applications and the conventional HDP process itself needs to be drastically modified 
,n order mee, the TTO requirements. The inventive HDP-CVD process is also useful for 
different applications where low sidewall ,o bottom thickness ratios and dopant 
concentrations are desirable. 

A, shown in Figure 7, a thin oxide 51 is grown along the exposed portions of the 
s ,con substrate 22 and a nitride 52 is deposited. ,„ Rgu re 8, the nitrlde 52 and oxide 
5 1 are removed in an etch back process to leave enough nitride 52 to protect the 
underlying TTO 31. In Figure 9, a vertical gate oxide insulator 4, Is formed along the 
upper sidewails of the trench in a thermal process, after which the nitride 52 is 
removed. This thermal process outdiffuses the doped TTO ourdiffusion, thereby 
forming another conducive buried strap region 60 tha, overlaps ,he firs, conducive 
buned strap region 50 and forms a continuous elecrlca, pad, .comprising 20. 30. 50. 

60, o ,he capacitor conducor 20. The firs, flower, buried s,rap conducive region 
SO ,s subs,an«a„y adjacent the polysilicon strap 30 and ,he second (upper, buried 
strap conductive region 60 is substantially adjacent the TTO 3 , ; however, there is 
some overlap between the upper and lower buried straps (60 SO, 



10028] Figure , 0 illustrates the acive 46 as well as ,he 



passive 42 gates. The silicon 



ubstrate 22 is doped to form ,he p-well. „em 28 represen.s ,he channel region of 
he tr a„s,s,or tha, results from the p-wel. doping. The pad nitride 23 and pad oxide 
25 are removed and a ,op comae, impian, is made. Hex,, as shown ,„ Figure 10 a 

z~ r oped po,ysi,icon ' me,a '' e,cj is *»*- - - ~ 9 

0 and gal <rCn ' S0 ' atl0n re9 ' 0nS " " Pa ' Krned ""° «" - 

42 are formed, using weil-known processing. Figure ,0 illustrates one single 
structure tha, would be included ,„ an array of similar s.rucures. The adjacent 
structures are separated from one another by isolation regions 
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[0029] 

i 



Current/voltage in the gate conductor (40) causes the channel region (28) ,„ 
become conducive, .hereby forming a conducive path from the capacitor conductor 
(20). through the polygon strap (30), ,he iower and upper conducive burled straps 
(SO, 60), the transistor channe. (28) in the p-we,l (22). the conductive contact implan, 
(55), and finally to the transistor top contact (47). 

10030] The TTO 3 . produces «he doped TTO ou.diffusion 60 in a reiadvely low 

temperature process. Further, the higher temperatures normally needed to cause a 
larger burled strap outdlffuslon 50 can be avoided because the buried strap 
outdiffusion 50 does no, need «„ be as large „i,h the Invention. Normally, the buried 
strap outdiffuslon 50 needs ,o be made large enough to make the silicon next «o the 
trench top oxide conducive. However, the Inventive doped TTO outdiffusion 60 allows 
the buried strap outdiffusion 50 ,o be smaller (utilizing lower temperature thermal 
cycles, by providing a separate conducive region 60 adjacent ,he trench ,op oxide 3. 
Thus, the temperature of the thermal cycles (thermal budge,) can be reduced. To the ' 
contrary, conventional processes ,ha, only rely upon ou,diffus,on from ,he trench 
conductor 20 and ,he node s,rap 30 to form ,he buried strap 50 must use 
substantial higher .empera.ures ,o achieve a conducive region adjacen, ,he TTO 



(0031 J 



As mentioned above, ,o further shrink the vertical DRAM cell, ,he lateral and 
vertical outdiffusion 50 from the polysi.icon strap 30 Is reduced (using ,„wer 
temperature thermal cycles) ,o avoid interaction be^een adjacen, DRAM ce„s whlie 
s ™,n,ai„mg a low reslsdve pa,h ,o ,he channel region 28 of the vertical transistor. 

ot : ,he ou,di,fusion 50 from * e «-> *>• - — 

2 1 1 1 0 ""' ° ,r ° m ^ d0P6d 3 ' to "« - • — ve path 

le r c r ,tor conductor 20 ,o ,he chan - ei 2s - t ° — 

bebveen ,he conducors 20 and 40, and sufficien, process con.ro. for ,he oxide 

deposition, the trench top oxide 31 3? <hn„w u 

P oxiae 5 i , 32 should have a certain thickness (e g 

Z 0 apZ' V T COn5lder ' n9 ' hat ^ Pr0Ce " * + '" ' '~ 

overlap be^een .he conducive region 50 and .ransis.or channe, 28 is no. assured 

w,.h conventional processes ,ha, only rely upon outdiffusion from ,he trench 

conductor 20 and the node strap 30. This is why a. leas, a portion 3, of the TTO Is 

deveioped to prov,de good dopan, control in .he oxide 3), ,o consis.en.ly achieve ,h«s 



.Page 8 of 23 

i 

i 

structure. 

i 

I0032J To further shrink the vertical DRAM cell, with the invention, the lateral 

outdiffusion of the buried strap is reduced to avoid interaction between adjacent 
DRAM cells, while still maintaining a low resistive path ,„ the channel region of the 
vertical transistor. By reducing ,he therma, budge, of the entire process, the Invention 
outdiffuses dopan, from the doped TTO layer and reduces the outdiffusion of the 
buned strap. Thus, both lateral and vertical outdiffusions are reduced. Sufficient 
overlap between the buried strap and the transistor channel Is not assured with 
conventional processes that only rely upon outdiffusion from the trench conductor 
and the node strap to form the buried strap. This Is why a portion of the TTO is doped 
in the inventive structure. In addition, the Inventive HDP-CVD TTO deposition process 
was developed ,„ provide good dopan, control In the oxide, to consistently achieve 
this structure. 

t0033, While the invention has been described in terms of preferred embodiments, those 
stalled in the art will recognize that the invention can be practiced with modification 
within the spirit and scope of the appended claims. 
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